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System Advisor Model (SAM)

Free software that combines detailed
performance and financial models to
estimate the cost of energy for systems

Summary Losses Graphs Data Cashflow Time series Profiles  Statistics
Location and Resource
Value Monthly Energy Production
Module Annual energy (year 1) 7,482 kWh
Inverter Capacity factor (year 1) 21.2%
Energy yield (year 1) 1,860 kWh/kW
System Design Performance ratio (year 1) 079
Battery efficiency 0.00%
Shading and Snow Levelized COE (nomina D] 745 ¢/k\Wh
Levelized COE (real) 5.89 ¢/kWh
Electricity bill without system (year 1) 5973
Losses ity 3
Electricity bill with system (year 1) $161
Lifetime Net savings with system (year 1) 812
Net present value $4.716
Battery Storage Payback pericd 1.0 years
Net capital cost 512,452
System Costs Equity 0
Firemes FarEmEErs Dest s12.452 lan Feb Mar Apr May lun Ju Aug Sep Oct Mov Dec
Incentives Energy Loss [ FOA shading loss
. [l FoA sgiing loss
Electricity Rates e s e
X ak | M DC module modeled loss
Electric Load [ OC inverter MPPT cipging loss
D tct
5F wir
in
® eclse
al i wer clippin
sfficien
. o zF 4 I AC wiring loss
simulate> |y
Simulate [l AC step-up transformer loss
Parametrics Stochastic AC performance adjustment loss

P50 / P90 Macros

http://sam.nrel.gov/download
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Technologies

Photovoltaics, detailed & PVWatts
Battery storage

Concentrating solar power

Wind

Geothermal

Biomass

Solar water heating

Financials

Behind-the-meter
residential
commercial

Power purchase agreements
single owner
equity flips
sale-leaseback

Simple LCOE calculator




PVWatts or SAM?

PVWatts
PVWatts® Calculator * Provides a simple performance
and financial assessment for
et St

smaller-scale PV systems given
an address, system design, and
NREL's FYWatts@® Calculator simple $/kWh electricity rate.

Estimates the energy production and cost of energy of grid-connected
photovoltaic (PV) energy systems throughout the world. Tt allows homeowners, S A M
small building owners, installers and manufacturers to easily develop estimates

of the performance of potential PV Installations.

* Provides detailed performance
assessment for small to utility
scale systems

*  Model complex shading and
other losses.

*The SAM team maintains the PVWatts * Can model detailed financial

model, and it's included with SAM. parameters, including complex
utility rate tariffs, incentives.

« Models custom load profiles.

» Detailed outputs and

visualization
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Questions you can answer with.SAM

Metric

Annual energy (year1) 7,482 KWh

Capacity factor (year1) 21.2%

Energy yield (year1) 1,860 kWh/kW Ervurgy W4 L] L L. L LEL L

Performance ratio (year 1) 079 RIS

Battery efficiency 0.00% Yoo of dheririihy emvings B : = = = . =

Levelized COE (nominal) 7.45 t/kWh m:::‘l; : . . . . -

Levelized COE (real) 5.89 ¢/kWh [T TP - pa—, 1 [ [ [ [ [ [

Electricity bill without system (year1) $973 e : = = = i "

Electricity bill with system (year1) §161 Fropurty las ssgenss (51 o 1= Lz L L L3

Met savings with system (year 1} 3812 ::;.T:: E -T;. u.‘;. u.I;. u:- ”:

et present value 84,716 e g = s o s =

Payback period 11.0 years (Cieduetibe expeenn 15] L] £} e R L 17

r:qe:::pltal cost :;2'452 m{ﬁ 11452 PRS- nmnr pikt nix nm
Intert pepmest o [] i il 3 ] 50

Debt 812,452 Puienipad papreeat (3 [} o m = i ni
Tatal PAI detst paymast o4 [] B i B £ D

* Predicted technical and financial * Detailed cash-flow financials

performance over project lifetime

A0k 4
e -
1000 i L
{]- 1 1 1 1 1 L 1
o . . 00 03 06 09 12 15 13 21 00
1 2 3

4 5
Run number Jan 01

* System design to maximize financial * Time series behavior of system
return performance

NATIONAL RENEWABLE ENERGY LABORATORY 5

g

2

Met present value (4 (5




Detailed photovoltaic model

Irradiance
Transposition using Isotropic, HDKR, or Perez
Measured plane of array (POA) input

. Diaweniinnd 3 weather fie from the NREL Mationsd Solar Radlation Dutabne
Shadmg Location and Resource _—— ;;;;mv;_y«x:&:m;&gﬂ%m%g;;ﬁ;é%w;;"
Irregular obstruction shading from 3D scene et it HAEL DA et
_ i Invarter Chanirie & weathes Tie foam The solir esanrce Bary
Self-shading for regularly spaced rows Senioekin Chk et 1 e . T i o s e s i . s s 1 e e
External input from SunEye, Solar Pathfinder Sadegrard G _— T
Snow cover loss model Losses e . — WD it e T o
X et reves) (TMY3) %5 4
MOdUle Lrstme Wmlmm‘midﬁl?’o:!ﬂ r.tuu un' 3 4 1
. .. Batery Storsge zZL;":::':Tn::n’ ;‘;:: :;J ::1;1 : Z
Slmple eﬁCICIGHCy model R US4 A7 Diawis Maeehan 4 (TN e RI6 110883 =] 05
) ) Jystem Losts LISA AT s Valliy Phosnts (TMYT) ™ 8 1208 2 e
- OIS USAAZ D tates- e irtd A (TMYY 20 naey -L0m. “ e
Single diode model (CEC database or datasheet)  francs suamesers s ' o e R o PR oo
. . = . L e (TMYT) 730 BT 1L 7 an
Extended single diode model (for IEC-61853 tests) Imene: ey p s e ey we 5 -
) Elecanizity Rates USA AZ Engman (amca) (TMYT) 2500 B L1395 -2 1033
Sandia PV Array Performance Model A USA A2 ke 4 WIS B e =
Elsctric Load USA AT Page M (arecs) (TMYT) praai] »an RUELY -7 134
|nverter U:AAIIM(TWZ nn nam - =4 ? L
Sandia/CEC grid-tied inverter model o Trasee @A | RN
_ . . e AL Levatrcn 1%m Longtude Jumi e %VW 1
Datasheet part-load efficiency curve o B n— A — o
SyStem Dty He CASRMIZMA 3 LE soli_sesderceA5A AT Pheess (THIVY) <oy M_'D'W‘— 1
Sizing wizard or electrical layout ot bzl T R —— 1 <
MU|t|p|e Subarr_a>/S Dwert rormad feeam) L Mﬂ-mt.‘dq fverege snd speed 30 mn
DWuse horteetal L5 vaoniwi/dey Marersym svam derh o m
Fixed, 1 axis, backtracking, azimuth axis, 2 axis Ut e weathor 1o o

Battery storage
A The Do 2040 (M8 Browi® 16 CROOGE B Wiy Ale IO 6N O (CMEIN WERGLE BAENYE £ 30 11w 00 (e 0uce iy

Deg rad a“on SUEPANAD Lobw weathuy fie Tormats ae SAM OS¢, TR TWMGL ang FP

Extra po|ated S]ng le year Aloads - Scy Difuze Modsl - Imadance Dats (Advancad)

Lifetime simulation of all years
Simulation
1 minute to 1 hour time steps
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Resource Data

v =9
e N R E L National Solar Radiation Database (NSRDB)

Home About Data Sets Resources Contact

SAM allows selection from NREL NSRDB, TMY3, or input of a custom user
defined weather file in an easy to use format.

Multiple sources of data available: sam.nrel.gov/weather

NSRDB — 4x4 km data at 30 minute resolution for North and Central America.
10x10 km hourly data for various countries in South Asia
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Module and Inverter Modeling

IEC61853 Single Diode Model v

rModule test data (according to IEC-61853) rSTC p: (from test data)

Irr{(W/m2)| Tc(K)| Pmp(W)| Vmp(V)| Voc(A) Isc(A) . i |
e e g, 0| el FEw amaseese 7 Cgn) chooOSse Which performance model to
100 35 648283 616202 77.0256 0.118 Voltage (Vmp) 646 v Short circuit current (Isc) 118 |A
Copy

100 50 59371 (55,8834 70.77510.1191 Cument (lmp)| 105 Bfidency 042083 |2 use (S| m p | e/ C E C, Sa nd |a, | E C - 61 8 5 3)

100 75 |5.36686 |50.0207 |64.5146 0.1203
Paste 200 15 |13.889 |66.2978 |82.4388 0.2350 Installation and thermal behavior
Rows: 200 25  |13.5153 |64.2550 |80.0352 0.236 Area 072 lm2
200 50 125576 (591117 |74.0262 0.2383
200 75 |11.5662 |53.9109 |68.0172 0.2407 Neminal operating cell temp 45
400 15 |28.1851 |67.3057 853378 0.4701 Standoffhewght‘ﬁround or rack mounted v‘ S | t d | d 1 t f
M0 25 2nses 553 8303480472 e glect moaule ana inverter 1mrom a
a0 50 257322 |60.5878 |77.2773 DATET Approximate mounting he\ght‘ One story building height or lower v‘

16 Module cover| Standard glass v

. B e—— database maintained by the California
B ML s | o sows s | ENNEIQY COMIMIssion or specify your own
PP parameters from a datasheet or part load

IV curves

STC parameters
pa STC temp coeffs o) CU r\/e
Diode factor (n) 14507 alpha 0.000472001 | A/ .
Light current (I} 118951 | & beta -0.217 \y/C
1k
Saturation current (lo) | 2.08522e-00% | A gamma -0.238849 |%/C
Bandgap voltage (Eg) 0.737668 |ev -
Rsh parameters =z
a 1930.15 B
5
5]

c2 474,64

3 1.48746 o4k
e ¢
Rs parameters —@ 800 W/m2, 25 C
D1 13.5504 o2[f —@ 600 W/m2, 25C
— @400 W/m2,25C
p2|  -0w7esTEs o mowme BC ﬁ

[} 10 E 30 ] 70 =0

0 50
Voltage (V)

Dobos, A.; MacAlpine, S. Procedure for Applying IEC-
61853 Test Data to a Single Diode Model. Proc. IEEE 40t
PVSC Conf. Denver CO, June, 2014

NATIONAL RENEWABLE ENERGY LABORATORY 8



System Design

Auto size the system or specify the module strings and inverters directly.

~System Sizing
() Specify desired array size @ Specify modules and inverters
Desired array 5ize| 4 |dec Modules per string &
DC te AC ratio| 110 | Strings in parallel 2

Mumber of inverters 1

~Configuration at Reference Conditions

Modules Inverters Sizing messages (see Help for details):
Mameplate capacity 4.022 kWdc Total capacity 4.000 kKWac Actual DC to AC ratio is 101, &
Mumber of modules 12 Total capacity 4186 kKWdc
Modules per string 6 Number of inverters 1.
Strings in parallel D Maximum DC voltage 6000 Vde
Total modulearea 195 m® Minimurn MPPT voltage 2500 Vde =
Stngloc M0V Meimm WPPTolage | 0 e loneae IS R nines et ol
String Ymp - 338 v Rage.

Configure up to 4 sub-arrays, each with a specific:
« Tracking system

« Tilt

« Azimuth

* Ground Coverage Ratio

* Shading Table

NATIONAL RENEWABLE ENERGY LABORATORY 9



3D shading calculator

Calculates linear beam irradiance shading
losses and sky diffuse view factor loss

Imports 2D mapping underlays from
online maps

Outputs are diurnal or hourly/subhourly
time series linear shade loss percentages

You can group PV surfaces into subarrays
and specify parallel strings

Scripting to automate panel layout and
import/export geometry data

NATIONAL RENEWABLE ENERGY LABORATORY

& x

New Open Save Location Create w 3Dscene Birdseye Elevations Analyze Feedback Help
untitled 4 (Roof)
untitled 1 (Active surface)
untitled 5 (T

unti

untitled 3 (T
untitled 3 (T
untitled 5 (T
untitled 5 (T
untitled 2 (Box)

ree)
ree)
ree)
€)

€)
(Tree)
reg)
reg)
reg)
reg)

HEEEE

Azimuth: 220.5 Altitude: 33.0 Shade fraction: 0.261

x

New Open Save Location Create v 3Dscene Bird'seye Elevations Analyze Feedback Help
untitled 4 (Roof)
untitled 1 (Active surface)
(Tree)

ee)

[ JES e caies) €8 RS e capeaIeacy
cccccflcecccc

)N

Diameter 9.055385
Height 12

Top Diameter 3.5
Trunk Height 1

Shape Rounded




Loss Modeling

* Irradiance Losses

o Soiling
* DC Losses

o Module mismatch

o Wiring

o Diodes and connections
* AC Losses

o Wiring

o Transformer
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Financial Modeling

Financial models:

Residential (distributed)

Commercial (distributed)

Third party ownership

PPA single owner (utility)

PPA partnership flip with debt (utility)
PPA partnership flip without debt (utility)
PPA sale leaseback (utility)

LCQOE calculator (FCR method)

MNo financial model

=
%

Specify electric load
Specify utility rate structure

From perspective of off-taker (customer)

Utility scale systems with various ownership
structures

Power purchase agreements specify value of
selling power to grid throughout the year

Non cash-flow based fixed-charge rate
method for calculating LCOE.

Best for market level (not project level)
analysis.

If you are only interested in system
performance, not financial performance

All financial calculations generally require some information about system
costs, loans, taxes, inflation rates, discount rates, depreciation, and other
relevant parameters, depending on the model
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Complex Utility Rate Tariffs

QpenEl " A booses - commnty Utility Rate Database
- « Tool in SAM to download and
U.S. Utility Rate Database automatically populate complex

inputs from utility rate database.
* http://en.openei.org/apps/USURDB/

Modeling

« Time-of-use energy and
demand charges with ability to
model usage tiers.

*  Monthly demand charges
* Multiple metering and rollover

WM aaa3 333333448

~Rate Structure for Energy Rates

Period| Tier Max. Usage| Max. Usage Units| Buy ($/kWh)| Sell ($/lWh)| OptiOﬂS
1 1 1e+naame Wh - 026687  |0.26687 ,
2 1 1es038 kW 008328 008328 « Convenient output of
3 1 1es038  |kWh 022057  0.22057
4 1 1e+038  kWh 008326  0.08326 energy/dema nd ChargeS by

Paste

month, period, tier, etc.

Mumber of entries:

4
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Validation Studies

INREL Photovoltalf: Modeling
s « Comparisons of SAM and other

it
c“t“ S 1 : e tools to measured performance
| itk ke data:

Validation of Multiple Tools for * Most recent study concluded
Flat Plate Photovoltaic Modeling SAM annual errors within +/-
Against Measured Data o

8% of measured data

Janine Freeman, Jonathan Whitmore,
* https://sam.nrel.gov/case-studies

Nate Blair, and Aron P. Dobos

R TR R . L
— vy Upcoming Validation
EPvwatsvi| | i, .
o « Comparison of SAM and other
B . .
: N I A I B tools 3D shading calculations
ol 10 against Sunkye measurements.
‘At R EE R « Preliminary results suggest
TS feress SR Rt VP UesaTop FrsSond Oeson oo potentially large differences
Figure 3. Normalized hourly RMSE of each tool, sorted in order of system size [1] between tOOlS
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SAM Batter




Motivation for behind-the-meter.storage

PV Self-Consumption Time of Use Optimization Demand Charge Reduction
[[] chargeBatteries  [] Dischorge Batteries B oipear [ Pastiai-peas [ On peak | cid [] satteries
LOAD 4 200

PV Discharge Batteries

POWER (kW)
Cost per kWh

POWER (kW)

|
8230 12 4 ] 12 4 B 12
M

12 4 a8 12 4 -] 12 12 B0 12 [
AM AM AM PM P PM ] AM AM PM PM PM AM AM M PM PM (2]
TIME TIME TIME

Images from: http://www.aquionenergy.com/

e Batteries charged primarily < Residential and commercial * Commercial utility
from PV eligible for Federal utility rate structures with structures can have very
ITC subject to 75% cliff high TOU charges. high TOU demand charges.
e End of NEM in some states ¢ Charge when rate is low,
discharge when rate is high
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Model Overview

e Techno-economic model for
residential, commercial, and
third-party ownership

After Tax Cash Flow- Systern Lifetime
systems Easssssmsapmsss
. ey . . Battery replacements
o Lead acid & lithium ion “*I' B| resultin additional costs
battery chemistries }
o System lifetime analysis | Nemsmmmnnan sunnannnd 60N
including battery
replacement costs

o Models for terminal voltage, _ votage Dischrge
capacity, temperature

o Multiple dispatch controllers
available

Yoltage (W)
[ %]

Il L 1 L | L 1 L 1 L I
0 20 40 &0 0 100
Depth of Discharge (%)
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Modeled Configuration

Weather

=)

-

PV Array

T

Grid

Module parameters

DC/AC

Meets any unmet
portion of load after PV
and battery

NATIONAL RENEWABLE ENERGY LABORATORY

Electric
consumption

, Inverter Parameters l

AC Bus

20/ov

ov/2d

Battery

<

\ Load

Conversion efficiencies

Properties on capacity, power, voltage,
temperature, lifetime, dispatch




Implementation in SAM

3 saM 2016.3.14

Choose a performance model, and then choose from the available financial models.

Residential (distributed)
Photovoltaic (PV\Watts)

High concentration PV Third party ownership

Commercial (distributed)

Wind PPA single owner (utility)

Biomass combustion
Geothermal

Solar water heating
Generic system

CSP parabclic trough (physical) No financial model
CSP parabalic trough (empirical)

CSP power tower molten salt

CSP power tower direct steam

CSP linear Fresnel molten salt

CSP linear Fresnel direct steam

CSP dish Stirling

CSP generic model

CSP Integrated Solar Combined Cycle

PPA sale leaseback (utility)
LCOE calculator (FCR method)

File v @ dd

Photovoltaic, Commercial

Location and Resource
Module

Inverter

PPA partnership flip with debt (utility)

System Design

PPA partnership flip without debt (utility)

Shading and Snow
Losses

Lifetime

SAM 2016.3.14

Enable Battery v

rBattery Bank Sizing

(@ Specify desired bank size () Specify cells

Battery Storage

System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

(0]4 Cancel

Desired bank capacity 3 KWh Mumber of cells in series ‘:
Desired bank voltage 12 vy MNumber of strings in parallel‘:
“Ch y
Battery type | Lithium Ion: Nickel Manganese Cobalt Oxide (NMC)
rVoltage Properties
Cell neminal voltage XN Internal resistance 01 Ohm
C-rate of discharge curve 0.2
Fully charged cell voltage 41y
Exponential zone cell voltage 405 v
MNominal zone cell voltage 34y
Charge removed at exponential point 178 %
Charge removed at nominal point 889 9
rCurrent and Capacity
Cell capacity 225 Ah Mazx C-rate of charge
Max C-rate of discharge
-Comg i Properties
Nominal bank capacity 30132 KkWh Maximum power EX
Nominalbankvoltageim‘u’ Time at maximum power
Cells in series 74 Maximum charge current 20
Strings in parallel 793 Maximum discharge current 20
rPower Converters
AC to DC conversion efficiency 99 %
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Battery Financials

100

* Lifetime \
= m B T
PV simulation over analysis period v &
=
PV Array Performance Degradation e .
Module degradation rate B 0 %%fyear E
£ wor 1
Applies to the array's hourly DC cutput. E — DoD: 20%
=l — DoD: 80% 7
%0 w0 w0 w2 w0 sm 3w 40 400 s
Cycle number
* System Costs
Direct Capital Costs
Medule 928 units 0.2 kWdc/unit 1998 kWdc 5/ Wdc -
Inverter 5 units 360 kEWac/unit 1800 kWac 0.21 |5 Wdc -
Battery bank 30 kWhdc 60000  S/kWhdc

* Battery Bank Replacement (Battery Storage page)

- Battery Bank Replacement

Battery capacity
fades with cycling,
depends on depth-
of-discharge

@ No replacements Battery bank replacement threshold % capacity

() Replace at specified capacity
- Edit data...
) Replace at specified schedule Battery bank replacement schedule it data

SAM applies both inflation and escalation to the first year cost to calculate
Battery bank replacement cost §/kWh out-year costs, See Help for details,
Battery cost escalation above inflation Wfyear
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Battery Dispatch

rStorage Dispatch Controller
-Choose Dispatch Model -Charge Limits and Priority -Automated Grid Power Target Model
() Peak shaving: 1-day lock ahead Minimum state of charge 30 % Enter single or monthly powers vl
() Peak shaving: 1-day lock behind Maximum state of charge 95 o Singleormonthly| Edit values... |IcW
© Automated grid power target Minimum time at charge state 10 min Timeserieslmhw
@ Manual dispatch |
-Manual Dispatch Model
Charge Charge from grid Discharge To activate the manual dispatch model, choose Manual Dispatch under "Choose
from PV Allow % capacity Allow % capacity Dispatch Model” above. These inputs are inactive for the automated dispatch options.
o i
. The manual dispatch model aims to minimize purchases from the grid. It first tries to
Period 2: ) V 25 25 P P g
e O - meet load with PY, then battery, then grid. Choose whether PV should meet the load or
Period 3: [ 25 charge the battery below. Use the timing controls to constrain the battery controller.
See help for details.
st B0 0
= [ =] :
O O O - @ PV meets load before charging battery
Period b: O B (a (7) PV charges battery before meeting load
Weekday Weekend
S 5 F 55555 5SiR:i5558585558588 S:F5555:555sc88a55885¢85¢8¢8¢
L B T = - I I | Lo i L T S - - I - . T e T - - T - I
Jﬁ|‘|.111‘l‘l‘l‘l‘l‘|‘|‘|‘|‘|1 14111 a0014 4914414141111 1111111111111
Fel:u.1111'l'l'l'l‘|11111 1111 0111141111411 11111111111 11111
I‘.1f|r.‘|11‘l'l‘l'l‘l‘|‘|‘|‘|‘|1 14111 ar1 4911411141111 1111111111111
F-.pr.‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l‘l 1411 1 4011414491914 111111111111 11111
I'_1ﬂ','.‘|11‘l‘l‘l‘l‘l‘|‘|‘|‘|‘|1 111 1 ay 1414411141111 1111111111111
JUI1.111111111111‘|1 1 1 1 1 Jun {1 1 1 1 /49 /1 1 1 1 1 /11 /1 1 11 /1 /11 1 1 111
Ju|.111111111111‘|1 1 1 1 14 Jul 1 1 1 1 /419 /1 1 1 1 1 /11 /1 1 11/ /1 /11 1 1 1 /1|1
F\ug.11111111111111 1 1 1 1 Avg {1 1 1 1 (1 /11 1 1 1 /11 /1 1 11 /111 1 1 111
Sep.11111111111111 1 1 1 1 Sep {1 1 1 11 /11 1 1 1 /11 /1 1 11 /1/1 1 1 1 111
001.11111111111111 1 1 1 1 Oct (219 1 1 (49 /1 1 1 1 111 /1 1 1 1 /1/1 1 1 1 111
HD':.‘|1111111‘|1‘|1‘|1 1111 1111111111111 11111111111
DEI:.‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I 111 1 0ec 1414411141111 1111111111111
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Dispatch Visualization

Peak shaving for demand charge reduction Manual dispatch for energy arbitrage
300

[ = Power to load from PV (kW) ] == Power to load from PV (kW) ]
25:]:_ == Power to load from battery (kW) _ 300 == Power to load from battery (kW) n

== Powerto load from grid (kW) = Powerto load from grid (kW)

200
- \
100 B
{] I 1 1 1 1 1 1
oa 03 0@ 0g 12 15 18 21 oo
Jul31 Augl3
: 1 30000 .
15000 B
! 1 250001 ]
10000} : 20000y 1
- L 1 -
150004 ]
5000} : 100001 ]
: 5000 H T
0 0
Jun Jul Aug Sep Jun Jul Aug Sep
== HourlyData: Demand charge without system (5) == Hourly Data: Energy charge without system [5)
== Hourly Data: Demand charge with system (5} == Hourly Data: Energy charge with system (%)
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Example Case Study

e Evaluate economics of installing PV-coupled battery
system for demand-charge reduction:
o Los Angeles, CA
o 27,625 ft? grocery store with 247 kW peak load
o Southern California Edison TOU-GS-2 Option B

Begins at 12 a.m. on June 1 and continuas wntil

Summer SeaSOn* 12 a.m. on October 1 each year.

Weekdays Weekends and
Holidays
2
g
é
Mic-Peak Mic-Peak -
M pm B a.m. 12 noon 6 p.m. 1 p.m. All Day

Image from SCE TOU-GS-2 Option B datasheet
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Simulation Data

o One-minute weather data
taken from NREL's
Measurement &
Instrumentation Data Center
network, location in Los
Angeles.

o Five-minute electric load
data obtained from
EnerNOC's free online
database for commercial
facilities.

o Assumed California’s SGIP
applied

200

Electric Load [kW]

1000

Beam Irradiance [W/m2)

1507

100+

S
o

BOOT
600
400+
200+

0 200

January 15, 2012

600 800 1000 1200 1400

Minute of Year

200 400

600 800 1000 1200 1400

Minute of Year

400
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Lithium lon Battery System

Table 3: Tesla Powerwall Specifications [13]

* Model battery similar to Tesla === —
Powerwall — 7 1Wh
o Lithium-ion nickel manganese Efﬁ‘”q ;;;:w continuous, 3.3 KW peak
cobalt Voltage 350 — 450 V
o Assumed can cycle full 7 kWh  Curent 5.8 A nominal, 86 A peak
0 Weight 100 kg
down to 3OA) Of State-Of_ Dimensions 1300 mm x 860 mm x 180 mm
charge, for a full capacity of
10 kWh.

o Price given as ~S300/kWh
before balance of system
costs.

o Assumed lifetime of 10-15
years before degrading to
70% of original capacity

Image from teslamotors.com/powerwall
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Parametric sizing results

Value vs. Battery Size

20000 .
,°°%°%o0 * NPV maximized for no
o ° PV system, battery bank
15000 © e ° capacity of 70 kWh
& © L < * |llustrates simulation-
© 10000( ] based method to
= o) x . ( . ’
K . 0 2% %0 ) . approximate ‘optimal
€ 5000t o o % . SiZing.
g o (n] o Lo}
O x
| x (u] [m]
ol !
%’ o
¥ 0O o
-5000( o PV=0kwW 4
= PV =50 kW
@ o PV=125kW
-10000 ' '
0 50 100 150
Battery Capacity [kWh]
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Upcoming features

DC-connected battery

* Additional system [-@H

configurations PV Arra

Battery

* Additional battery chemistries $£<_1

e Battery systems for PPA TI T Loac
financial models

Flow batteries

* Continued improvement of I | ™
dispatch controllers 3 B
* Improved lifetime modeling for | = I
some battery chemistries -

Image from tantaline.com
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Battery summary

e Battery model adds on to SAM’s powerful PV and
inverter modeling capabilities to evaluate behind-
the-meter storage systems.

 Can answer questions like:

o What sizes of battery/PV system will provide value
over the system lifetime?

o How will battery replacement costs affect economic
viability?
o How does the dispatch strategy affect bill savings?
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Questions?

* Resources:
o https://sam.nrel.gov/learning
o https://sam.nrel.gov/videos
o https://sam.nrel.gov/webinars
e Reports available

o Economic Analysis Case Studies of Battery Energy
Storage with SAM

— http://www.nrel.gov/docs/fy16osti/64987.pdf

o Technoeconomic Modeling of Battery Energy Storage
in SAM

— http://www.nrel.gov/docs/fy150sti/64641.pdf
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